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1. INTRODUCTION 

Heavy water of almost 100 per cent. purity has become an important material 
as moderator-coolant for nuclear reactors. Jts occurrence in natural waters is 
rather low,-0·0145 mol. per cenl. being the normal approximate abundance 
figure,'-which is equivalent to one part of Heavy Water in 6,900 parts of natural 
water. Uptil now no natural source of higher content of heavy water has been 
made known. Earlier investigations have indicated that practically all tile natu­
rally occurring water sources in the world contain heavy water of almost the same 
average of 0'0140-0·0150 mol. per cent.' Somewhat higher content of heavy 
water was found to occur in the waters of some glaciers, to the extent of an ave­
rage value of 0·0148,2 which is a very insignificant increase above the average 
normal abundance figure, and which may probably be due to still solar evapora­
tion of some part of the ice. 

In the course of this observation, it appeared worthwhile to search for such 
enrichment processes as distillation, adsorption, evaporation, which may go on in 
nature on a large-scale. Consequently an investigation in the existence of snch 
natural processes was made. In the course of such search for suitable processes, 
we came across the solar evaporation of sea water, which is going on along with 
marine salt production on a large scale, and which is a very common process in 
many parts of the world, where solar heat is available in abundance and where 
other conditions are suitable, for instance, along the coastal lines of India. This 
process-it was assumed-should result in some enrichment of heavy water, sup­
posing the degree of evaporation would be sufficiently high to find such enrich­
ment appreciable. 

2. INVESTIGATION IN NATURAL ENRICHMENT PROCESS 

In the more detailed investigation of the nature and the type of tlus process 
it was found to be of the type of still evaporation which is going on at rather low 
temperature, and would, as far as the earlier stages are concerned, conform to a 
so-called differential distillation at low pressures which is governed by Rayleigh's 
equation. 

In the latter stages of this process, evaporation would take place from more 
and more concentrated solution, which ultimately becomes almost saturated. The 
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30" Be of the mother liquor. sodium chk'ridc .,1' 
obtained while with funher cmlCenmninl1 to :;2 
higher qualllitics <)f Mgi'iO, arc pn,dpitatcd and the 'it cr.(},,· \1.,\ i 
salt is decreased to ahnut 90 per cent. The n'ul"ifllOV tihiEbcf 

mainly MgCI" MgSO,. NaCI. KCI. and Bwmide,. i1 i, , .. ,ib! " !inn.;" .,,'.1 
in most cnses. after separation from prccipilllwd ,,,II. 11 

sea and lo~t. J n some cases. it b llti1i}>~d for rC('H\~rj: (~r 
KCI. The progress of s()lar evap(\ration and Ch.U1!'" 1!l 

and subsequent precipitation of salts i, repre,(,nlcd wj,ll 
graphically in Figs. I and 2, and th~ composition of Ihe Bmnr" h 

in Table ll. 

If the differential progress of the evaporati()n i<; rn,,"l\ ,),1, 
ble data as we have done in Table I, one can ()h"cr\'~,;. HJ E ~~~, ~ ,ttld .. ~ 
,hat the speci.fic evaporation. of water decreases l't1lltinudil,: ,,(·iIll ~:'Ji"!.;~-r~~n~aH;.1 
of the brine and that it becomes enhanced during the pn:\.·ipit,Hh1t~ ~~f ~h(, ";'HI~unnn 
salt (NaCl). This effect of which we did not lind an} rckr"f\c¢ "'.1 I'M h m,I'1 
probably due to release of heat of crysraiiwtion, as flO in,'reaw .,f 
supernatant liquid due to salt preCipitation should he "\1"','\": 

From the shape of the Curve II 01' Fig. 2, it can be ,<ell th,,[ " ·"mlt'lf t;l'<'i:' 
occurs already along with the precipitation of caeo, Jnd (;:l'"nu. 



TABLB I 

Concentration and Evaporation Data of Solar Evaporation of Sea water Mediterranean) 
(Columns 1 and 2 are taken from the Report of the Salt Experts Committee, Government of India, New Delhi, 1950, Page 18). 

3 4 
)0 , 

. \ Average Average volume 1 6. '" Be increase 
I I I I 

Bnneconc. Volume on ,6H2;O ZL.lH2 0 ~ HOof H2 0 '. 0Be "th' 6,H 20 Z,61IzO A era 
in 0 Be at \ evaporation evaporated evapofd.ted tJ. \ d evaporated III d'ff "\ III -- b>Je 

21'" C, in litres in litres in titres \ e~aPl?:a e in succe:;::.ive 1 eren 6. DBe 2:0Be 
. m \ res stages in Htres j stages 

3.50 1
100

'00 .. - I .--- -1-'- -7

1

--------c-----

46·70 46·70 \ 23·35 23·35 3·6 13·0 13.0 5.3 
7'10 53·30 , 

21·70 68·40, 34.20 .57·61 I 4·4 4·94 9.77 9.3 
U..j)O 3I-60 : 

7·10 75·50 i 37·75 71·95 I 2·5 2'83 7.18 12-75 -14.00 24·50 \ i l 

5.50· 81·00 40·50 78·25 I 2·75 2'00 6.ll 15.375 
'16·76 19·00 i ; 

4·55 85·66 i 42·75 83·275 I 3·85 1·18 5.00 18.675 
20·60 14·45 I I 

1·.5 86'90 I 43·45 86·225 I 1·40 0·965 4.70 21.3 
22·00 13·10 I ' 

1·90 88·80 44.40 87·85: g·OO 0·632 4.13 23.5 
t25·00 1l·20 I : 

1·70 90.50 I 45·25 89·65 I 1·25 1·3~ 3·98 25.625 
t26·25 9·50 I I 

3·10 93·60' 46.)8 92·05 0·75 4·14 3.99 26.625 
27·00 6·40 I , 

2·50 96·10 i 48·05 94'85, 1·50 : )·667 3.85 27.75 
28·50 3·90 Ii' 

0·88 96·98 48·49 96·54 1·70, 0·520 3.63 29.35 
30·20 3·02 I , 

0·72 97·70 I 48·85 97·34 2·20 0·327 3·38 31.3 
32·40 2·30 I 

0'68 98·38 i 49.19 98·04 2·60 0.261 3.)2 33.7 
35·00 1·62 I 

'" Precipitation of CaC03 and CaS04.2H~,p starts. 
t Precipitation of NaCl starts. 

S< 
~ 
~. 
<> §. 
~ 

~ 

~ 
~ 
<> 
\q 
q 
2 
~ 
~ 
'" ~ 
~ 
~ 

-> 
V> 



'-ITRE 

60f-+--\--i--;---i 

701-++-1,--1--

60'f-+-+--i-

so 

40 --

30 

20 
i 

--r i 

~, 0 8 ,,' OF BRINE 

'i i : 

·---fJ=l_ .. ~.J __ ' __ '_~-l 
6 8 10 12 14 16 18 20 22-2.4 26 2'11' "3'0 ',1,2 34 36 SS 40' 

10 

FIGURE 1. aS'; OF BRI NE 

01 FFERENTIAL AND ACCUMULATIVE £vAPORATIO/l OF SEA-WATER 
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Investigation of "Bitterns" as a Source for Heavy Water 

TABLE II 

Composition of Bitterns from Mithapur, India 

Density = 29.5° Be, equivalent to 1· 255 specific weight at 25" C. 

Percentage Percentage 
Constituent by weight by weight 

(of Bitterns) (of dry residue) 

--._._----------

NaCI 7·52 27·4 

KCI 1·92 7·0 

MgCls 15·19 55·2 

MgSO, 2·80 10·4 

TOTAL 27·43 100·0 

~Br-,'--" - - ,'-,-' r .... '-
m-- , --1--t-I-- --
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FIGURE 2. 
-~ VOL Ie-H2 0 FROM BRINE 

0--0 m PLOTTED OVER THE 
AVERAGE Q.UANTITY OF 
WATER eVAPORATED. 

~ ~ ~~!~E~u~~~~~H~F 
WATER EVAPDRATED. 

DIFFERENTIAL EVAPORATION OF SEA-WATER DURING 
THE MARINE SALT PRODUCTION PROCESS. 

An example calculation of the evaporation ratio for "Bitterns" of 29· 5° Be 
gives the value as follows:-
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100 litres of sea .. \.Vtlter or d~ns.ity t -027 ~unta[!h appn'\Hll,,~k:: ; "t '/ k}~. 
fix~d residue. and hcn ... c IO'::,? ,,_,-47 99-,::..1 kg, t..lf pun' \\.l{;'<r, ! h:" H)J, lItn:.., 
of sea~\vuter are e\'ap{)rat~d appr<.1ximatl'ly tn ~ litre-... ~}!' Hnt~·I!.~'" ,~d ',rt:t,'lill.' 

wci~ht I ·255 in the marin1. ... ~alt rrodu<.:tion pft)(,·(.'''1.... i hi'" .. ~ ~ltt(:., ... ·I'Hi.HH 

0·69 kg. oft1xcd residue, and henet:, Ltlntaio~J'51 U'6t
, i·\<~t.f" 011' pur ... 

water. including the crystal water in ditlcn .. nt ">alr:.. \~r Bllh:rn.... 1 hlp~lr,Uhm 
ratio, therefore, is 

54·5 : 

ThC'rcforc~ Ollt of leO litres NcUwWtltcr 09 ·2J· t ·Y;2 t.l~ -41 e.V· v·.I1,,·r ~tf.{ 
evaporated by the action of solar heat. Fnr tllb, 55.NIO h'aL ;:n.' l;l;;l:f:d, Hw 
evaporation of the l'cmuining water in thl,; Uitu.'rn\ wi!! require 'i ,. t'f1!~ 
another 1,140 kcaL Hence about 9g per cent. llf heat e!!er!~y hot' ""<'Il,ul'l'hed 
by solar energy and L"UIl~l'qlll'nl1) invested in the Bittern.;._ 

3. SEPARATION Of' WATeR I'ROM SALIS 01 lilt lll'~' 

(a) SepuNltion hy Crysfalli::!.utian. After the Hrst ~tagC' of di<.,HH~H1i'il. m i1.Hun·. 
it was nece~sHry to separate the wuter purt ~)f aitkrn~ from ~h .' ·:1 " .-.~ 

ditferent salts. This could be achieved eilher by dbtillatiun l'r hy ,':' ',,':, 
The latter method was onl)' tried tentatively and \\.:a~ not found H'fy "tm.tt"'k f~1r 
arriving at quick results,· tiS, a temperature below 40 C. h !'<',!uin'd In Im'rlpi' 
tate a purl of the salt content, and s.cparatiofl was not \'(.'r~ dl"t't.:lh e. 'i'" tnfhf of 
the salts crystallized with high crystal.water content, which ""uid lime Itl be '"1'". 
rated again. 

(h) Separation hy Distillation.·" Separation by di,tillatioll ",I' ('I1'IlIJ h. he 
more effective which resulted ill about 53 pcr cent, recovcry "f d;,rilktJ ""t., from 
the Bitterns. 

With the progress of distillation, more and more ,alt prcdpi!,,!", (lill. wl"cll 
interferes with the distillation and has. therefore, to bc femm cd from ume It> 
time. Bel()w 1240 C., superheating and decomposition of ,ails c<,ukl be "",itteLl, 
However, at higher temperature at latter stages of dbtiUation. d. """,'" .il;.'lC "I' 
chlorides takes place due to suporheating, and the distillate becomes "d,lIe. After 
the completion of distillation, still some more water" left in the salt cak. a, ':f)',lal 
water. To separate crystal water from th~ salt cake, the latter ... ," dry <ihtilkd 
upto 400' C, in a separate operation, and the high!y addk water Wtl, rccuwn"l 
as condensate, and kept separately. Water, thus separated by <li,lIlIalio". w,,' 
acidic of pH ,', 3· 5, and was further treated as follows:-· 

The distillate, made alkaline to pH 8, 5 by nddltioll of ,,,lid NuOII, w'" 
again distilled, This distillation gave pure and neulral di~lmed waler with 'Of) 

little residue. In order to be absolutely safe, the second distillUlc wa~ a!lain di,· 
tilled after alkalization and nddition of permanganate, and in some Cit • .:, ~uch 
distillation was repeated upto 4 or S tinws. 
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FIGURE 3. 

FRACTIONATION COLUMN FOR 
SEPARATION OF WATER FROM 
BITTERNS INTO SEVERAL 

FRACTIONS. 

CD 5TI LL, rv 3 LITRES. 

® COLUMN, 680 mm HIGH, 
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4mm GLAss RINGS. 
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® PRESSURE REGULATOR. 
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@) HEATER BODY. 
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Part of th!.:s~ di..,titlaii,Hh ;',!.'I (.h:"("Tib~d h('r<: ha\( al"ll h./".'n ... :.HT,:,-d put 
pas!'ling a CUIT..:nt llf air, 

T:picuI di:-;ti!lation r.J;.lta of thl" t)P~' inJii.:ated :d'h\\t' ~H;:: ",h,'\\~li ,;, 

W~ighl q( Biltcrn', for di..,tillalwn <)I~ l', 

Di,!ill"l" Rt"~,H.iW· 

fi .. ,! fru('ti{l/1 !I 10 em,'"' hr~{ Rl' .... Jdtw 

SCt.'(llKl th!(,;ti\~tl III em,'; SI.:I...·(~nd Rt-· .... ,dw: 

["hird ('rUt.,tinn !IOcm." I hird 

I :nllrth fraction 90-,) l,:m.;~ 

Firth I'raclion 60 ~'nL;1 

To!al 

Tht.:rcfnrc Gnutd T(,1tal 

lo ... ~ 

RHO':' g. 

,1-+·7 g, 

and percentage rCC{)\Cf) of matl.'rial 

R,·,,;Jm' 

I,'wl 

A:" 
tM,..., 

;:'Nt· 

In som('; cases, when di~;tilling nil a hugl: i.calc ftH' thi! ri.,'l,'dh·r~ 01' L~f~: .. · "'iU.Hl' 

tity of water. the very first di..;tillat\! {nit rracth~n} v.a ... -dl'h'!l'\'I,d t~1 ~r.t'l,-j.f!~t~.t~ d'iH 

tillation. 

(c} H'acticlttul [)islillutioll t~r If '{[ff'r (~/(cr \'1/\/1 ,/,';. 01: it'l,l'f: #ift~,'f')' \\ ,~h,'r, 

alrt!udy obtained durin~ the initi .. d tlio..tillation flir th<.' f\.'t.;,).\<t:f) ~~f tal'''' tIH_tHtH~ 
of water from Bittern~ ~\S the !-otHrlin~ 1'11t\l~riill. \'a'" \UhjC~H~d h:1 tunhrf' 
tions. and \va~ fructiomdiY distiHcd, J.'urthcr l'oridlnh.'Ht itf tfH: hf.:a .. ~ , 
was carried out by this fractional di:-.tillution, 

Water separated from Bittcfll$ after trcatInr:nt a .... dco.,\:ribt.·u !II 'fl.} \\,b th1(,'n 
subjected to fractional distillation in puckcd coiumns of <litTen.-nt th'l.'\lfrHi,\l! pi.itt""­
for investigations of further p-o~::;ib[t:: cnrichm~nt at n~1rmal !.'n1~\ ... ~',~· ,;, .md 
sure. Smull~sca!c and largt:~scalc frLtctionatiom. h;:t\t,! bCt'rt car~'i·~~d (Iut .u 
ent reflux ratios. All these fractional distillation r)pcrath~n.,. \\l."f\: "f h'lh:h r.h.:, .. 
tilla(ion type. A typical di~tillati()tl arrangement I, 1'<"1''"'''':'' '.! in f "Ill, ;, ilnti 
the typical data of ,"eh an operation arC indicated helnw: 

Packed Column height = 680 mm, 

Packed Column inner diameter 30 tnm, 

Packing material: 4 mm. single turn helicnl gla~"I ring~ wHh ~~ €lUH 

layer of 5 mm, p('~rcd;.tin R~lI\l..:hig rjng~ (.'ttl top. 

Probable number of transfer 
units at 60 cm.fsec, 

Reflux Ratio 

54 H.E.T.P. 

17: I 
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Volume taken for fractional dis-
tillation = 2000 cm.' 
(from the first cut fraction of a large-scale distillation) 

Total Time ~= 9 hours. 
Temperature of Distillation = 97·7' C. at 682 ·5 mm. Hg. 

Distillate 

First Fraction 
Second Fraction 
Third Fraction 

435 em." 
760 cm.' 
305 cm." 

Fourth Fraction = 485 cm.' 
(Residual) 

Total 

Therefore, loss 

1985 em." 

15cm.' 

The fractions, thus separated, were collected for investigations in their D 20 
tent. Such samples which have been further enriched by fractional distillation 
, then been subjected to electrolysis and catalytic exchange as conventional 
:::ess for further enrichment.7 

(d) D2D-Content of Water from Bitterns, and of the Fractional Distillation 
1ucts of this Water.-The DoO-content of water samples has been found out by 
s spectrometric analysis which has 'been carried out at Harwell.' Table III 
tains the D2 0-content of the water after separation from the Bitterns. 

TABLE III 

~20-Concenlration of water distillates from Bitterns, obtained by large-scale 
distillation in Copper Still 

Amount of Bitterns = 73 lUres of 29 '5° Be at 25° C. 

Total Distillate obtained = 43 -150 litres. 

Volume Atom D 2O-content %D2O % Volume % Volume 
cm. 3 %D.o g. Distribution Distribution E 

20,080 0·0257 5·1606 57·42 46·3 46·3 

13,260 0·0165 2·1879 24·35 30·7 77·0 

9,360 0·0165 1·5444 17·19 21·7 98·7 

450 0·0205 0·0926 1·04 1·3 100·0 

43,150 8 ·9855 100·0 100·0 

• average "" i/~~~ = 0 -0208 mol. per cent. D:P (atom per cent. D equivaleDt to mol. per cent. D 2P). 



82 

It cttn he :iCeD from the following c~l1r.:ulath11l"" that ~ll\..· l'nrkhn~'"ll~ JIj'!Ho\,' 1" 

found to be lower. a~ calcuhltcu from Raylrigh'~ c.,'l.jlwtion at 40 ( It !hq,l~·\.;,'r, 
50! C. is ussumed h) be the average solar n;;:),,!.(u,·r ",' n:"!t'd~' 1'1 

40° C .. the values are almo~t in c(,\mpktt: agrcl.'n'l.ent: 

Rayleigh's equation: 

Where 

At 41)" C. 

Therefore 

At 50· C. 

Therefore 

111 

Wu Original wdght of v.ater 

Vv' Final weight of water of Bittern:-;. 

Xu Pcrccnt4~g,e of [)~O in 'C~l~'\"H(.·r. 

x Pereen tage "I' D.O in Bittern" 

\" 

.r 

Relativ(,' vol;:\tility of heavy water with rC!>flCct hI jlF:ht v.,tt,', 
(Rtltio of vapour pres;ure,') 

0·892 
W" 99·23 kg. (Re/ Page 78) 
W . }·82 kg, (R~r. Page n) 
.<. 0·0145 mol. per cent. O,<l (normal "!'>,,nJan,·,· t'~\l'" 

x 0'0224 mol. per cenl. 1),0 (a, calculateu 1""11\ Ihe ah"'" "<1"'1' 
tion). 

a 0·909 

W 0' W. Xl) are same as before. 

x . 0·0208 mol. per cent. 1),0 (>IS calculmed ("'m Ih" "0'''" <qll;" 
(ion). 

This value is in ~grcemcnt with thc average value Wi f"und in '\;1M, tiL 

While values of spectrometric measurcmcnb were u~cd 3." CUffed ... a,Jut,;%.. 
investigations of our aay-lo-day work were carried out with the holl' "r c ·l",i.dl, 
suitable gravimetric method which, howc'\er, was found useful nnij! ;\:t it rciil:li\-"f 
method, and did not yield absolutely correct fi!!,-ures, Thh; rMlh.><1. ;\1 p,",cnt, 
is undergoing further imprOVl!!TIc-nl!-.. 

In itl! fractional distillations of batch type it was found that cOlltrary '" <'tit 

expectations, the first fractions always showed higher cnrichmcBI t>f .up . • , iI'Ccr­
tained by mass spectrometric analysis, Table I V contains the ",.ult, of " care­
fuJlycarried out fractional distillation of a part of fraction number I (/l:~f. Tabl¢ III) 
of initial distillation. 
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TABLE IV 

l:.ilridl/1u!IIt of D,O-Conl,'nt in distillate obtained from evaporation of Billerns in Packed Column 
cd' 680 mm. height, 30 mm. internal diameter, 4 mm. single-turn helical glass rings 

as packing material 

Reflux f'Jtio 17:!. H.E.T.P.~· 54. Volume of Feed = 2000 em., (First Batch) 
"" ' __ '_~~._' ___ L. __ .,.W __ M 

Fraction Volume Atom 
cm.:l % DaO 

435 0·0550 

2 760 0·0162 

305 0·0164 

4 485 0·0202 
(Residual) 

TOTAL .. 1985 
, .. -~--"----------.. 

TIlerefore, 

0.09 

0.08 

0.07 

o 0.06 
&' 

~ 0.05 

" 0.04 

0.03 

0.02 

0·0 1 

0.0 0 

:twrage = O;~~~ = 0'0257 mol. 

" \ 

\ 

i"-
~ 

- -
- I 

I 
I-- -- -. 

10 10 30 40 

Ii 

Ii 
I 

t 

D,O-contenl % D,O % Volume % Volume 
g. Distribution Distribution :E 

0·239 46·9 22·0 22·0 

0'123 24·1 38·3 60·3 

0·050 9·8 15·4 75·7 

0·098 19·2 24·3 100·0 

0·510 100·0 100·0 

per cent. D 20 (atom percent. D equivalent tc mol. per cent. DaO). 

FIGURE 4. 1-1-I-
D-CONTENTS OF 1--1-I-
WATER-FRACTIONS 1-1-I-
FROM BITTERNS-WATER 1-1-

- - EXAMPLE 1 I-I--f--
-- EXAMPLE 2 

+-H - -
1 

l\~ : I CONCENTRATION 
I 

50 60 70 80 90 100 

_ VOLUME DISTILLATE 



84 

Fig. 4 contain~ the plot of the: l) .. ~O-cnntL·tlt ftllllh.,! in diffl':rf'\t (r,(l'tl,lIH, 

scale initial Scptlnltion distilLalinn of '\';\tl~r fr\)JH Hith:ru,. \ftJ!iI:r \d"d\. 

fradiol1s \\'t:n: obtnirwd (I'\;llllpk I), and of d c~u-d'un,~ l:Arrh:d 

tillation or u part of fradioll NlImhef I (If thl..' inili~,1 di,(!ll,td';;l Ii \.\Ulj';~' 

shown in Table IV). 

From the values of the tlr";l f!',u-fitllh, ~l\ indkah:~l l.!!,:,-",!iI .t:'id f\, 
rep[l~scnted in Fig. -+, it i" (lhviou<", that thi..' I)})~~pnk'l!~ \\lll 
the qua.nlity l.:ollec:tcd as the initial fra .... tion. I'lli .... 1'11\.'llt'm~·J;f\t; 

investig~tion and cannot b~ \:.\plaint'd pn)pt:r1~· :tt pft.· ... t1tl. \' 

batch ollcf:Jtion. th~ nn!y diircrCHL:\' hCIWt'Cll initial and Hnal 
tion consists in the pn:s~nce- ~lr air ~tl Hl(' initial r'"l~~'!'·,'~·t! 
completely hy the- \vater 'vapour, it mitt./tt he ,.! ,1/('1.1. 

tropic mixture may e\bt hl"{\\TCI1 the c~lWp,IIlt:llb, hl'W\~ \\<ttcr tlI" '\" ~lr ()", ',', 
facilitates cnridullcnt as long a., Ihi" mixHlfI.: i ... h:inl,; HLdnt,'l,:l\·d 
however, of this ph~llOmt'npll is \l'ry (\h\i()tl~ than '{',!hk 1\ ,~, \'.;!h 
per ct.:nt. or th~ liquid, nearly hall' of the ht:~l\'Y war!..'!" ('~n' \; lwr ~'~'nt I ;~ 

rated. 

An attempt was made to explain the aho\\.' f{.'l"u!t'>, \' 

tility: 

where, 

;'11:.;" • P":~" 
. P,.,,, 

Cl\I~lr ttmpl'ratur,', 

arc the activity COl"tlictt'ntf-.. 

At the point of azeotropisnt. 

I, 

i.e., 

PU)!i' 
f)~:~':, . 

Also, 

:~,':'¥~: ~ -!~:i!l PU2;<l 

YM~f Xr~j' PI>'.oi')· 

ill 

where, y terms represent composition in tilt" Vap(lilf ph:hl.! and \ h.:rtlh 

in the liquid pha~e. in mol. per cent. 

Now, if 

a(H2D. (~Ol .-::: 1, then more of D2:0 win eli-me out in tina fra(:tlon 
in comparison 
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For 

Calculations: 

(i) For large-scale distillation: 

x",,, c~ 0, 000208 

X"20 = 0 -999792 

For first fraction of fractional distillation, 

Therefore, 

Hence, 

y"" ~o 0 -000550 

Y"'o = 0-999450 
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(5) 

a (1'20) {D2o} < 1, i.e., D 20 should be more in this fraction in comparison. 

Oi) For Second fraction of fractional distillation 

Therefore, 

Hence, 

Y"2" = 0 -000162 

Y.20 = 0 -999838 

YD,O _ x.,o ~c 0-OOOJ62xO-999792 
y.,,, _ x,,," 0'999838xO-OO026s = 0-779_ 

a (H20) (020) -t:: 1, i.e., D 20 should not be more in this fraction in 
comparison. 

(iii) For third fraction of fractional distillation, 

y"20- X "20 = ~'OOOI64x~~99792 = 0-788 
Yu,o' Xo,o 0-999836 x 0-000208 -

Hence, 

a (H20) (1)20) 1: I. i,e., D 20 should not be lnorcin this fraction in comparison. 

(iv) For residual fraction of fractional distillation, 

.1'",0" x'2" = 0-00Q202x0'299792 = 0-971 

.v"20 - X"2" 0'999798xO'OOO208 -

Hence 

a (irZO) (D30> 1:: l, i.e., 0 20 should not be more in this fraction in comparison. 
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\Vith rden,,"nee tll l'abh: j\', the \alu.: of D_:()"'l·(\;lt~·nj: r.·,,~hu! 

o.f th~ !in.t lX.1(ch is \),020': nil''!!. f'tT Ct:llt l)~O. R~"jJli.!.: U·:dl.>l'!'" ;}, ~. ('(", 

also yidd~d similar \'alHI,,· .... 

At this. stJ.g,e, it 1-; wl)rth~'\·hill' f),)intiJl e", uu! th~iL 

water, a.s in Bin~rll"s. may hI..: fnund in -;u,.'h warn" or tt);,{:~ \-Vhll'il 
ably, a'l in the- W,ttCT of the Dl'~Hl SC-~1. in lH,){ :-priaj,:'-. In \\1k.l!:h" 

in residual liqll1.lr~ \)1' :'-\llm.' !,H'UCt;\,I,,':-', c.g .. 111 ~pt'nt Ilqlh'l-r':l fr"qq 

mine:·" All thtse I)(lll..'nti.:il :-l('llrt:l:.'l. ther\.:I'tlrc n:quin: nHlr~' ~';'''I,.' 

for he~1\ y water content, 

The authors wbh tti iJ,<.:lilll\\h.·dr\· llrdr th.mk .... hl !\h,'i,"'i"'. 
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